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ABSTRACT

Productivity of machining using machine tools is affected by cutting conditions such as cutting speed,
feedrate and depth. However, undesirable conditions that lengthen the machining cycle and shorten the tool

life occur frequently because determination of cutting

condition is known to depend on human experience.

This paper presents a method of cycle reduction by removing undesirable conditions. For cycle reduction,
maximum cutting load is determined using commercial FEM simulation code. The feedrate in the NC
program is altered based on a predetermined cutting load value. To make a decision on the proposed
effectiveness, a simulation is performed for the brake hub parts of an automobile. From the evaluation, it was

found that the cycle reduction was under 15%.
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(b) Machined brake hub

Fig. 1 Brake hub parts
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(a) Tool number 9

(b) Tool number 6

(¢) Tool number 8

(d) Tool number 10

(e) Tool number 5

Fig. 2 Tool path simulation for #10 process

(a) Tool number 10
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(b) Tool number 1

(¢) Tool number 2
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(e¢) Tool number 4

Fig. 3 Tool path simulation for #20 process
3. HAESE Al E2]o]M

H2HE5E AlE# ol AAE Fig 49 YEAS]
o AFEE I AMEY tid AREsE 3T o
AL T3 L& F Utk FAAHEE AHME &
A, AFZ, A Solth 7HE #10 34 oW F
T2 A}%H WNMG080416PCTT8115 OI/H = zil

| Insert |

|

| Feed[mm/rev.] |

| Cutting Depth[mm] | | Workpiece

Cutting
Speed[m/min.]

| Cutting Load[N] |

Fig. 4 Process for cutting load simulation



A2k 7FE AbolF ©F AEH A - @F7AVEEES A, A4, Als
D 0.8~4.0 mm #10-1 3 Ao H2AESE 4341 N2 3
V340 mm/min. A= AA R, 7HE A J|E daEste Ho
A2arREl ] 50% A=A 2000 No.Z A A3}
AMES] FYA R} HaxzAE Fosta 33 HAEE Ao NC ZEIH ARE ofgo 1}
=9 ZAEE YYslH AdvantEdge FEM E&& ERli T
Bl o "AReE 7% 4 Uk
TTHAA AEdeld 275 HIROE NC 22 T0902
OWE o]l g3l F7 HE H AARESE g M71T9
th. Fig. 5& AaHEet a4 Algdold 2345 v G0G96X208.250.8200M4
BRIt WNMGO080416PCTT8115(#10 34 9, 6, 8 72.
HoFT, #20 34 108 3 A9 Ao A G1Z-0.7F0.6
B3lE 4341 No2 a4 5 glth. X193.F0.35
Fig. 62 A EHo|HS T3 73 Hoy H2HH GOW-1.X199.8
35 Hig o 2 HApzlo], HALLEE IHste o GI1W20.F0.4
=02 HFH o|F&EE Il HAE R G0U2.22.3
=3 G1X199.8F0.35
E AT #10 TAHL 7tFF4e 54 1 X194.6Z-0.15
3te] #10-1 T #1022 FHOZ TR £4 X135.2F0.4
. G2X133.4Z-2.R2.F0.35
G1Z-2.8
et vt oo e E X101.812Z-7.085F0.35
e G2X97.3Z-9.977R3.1F0.3
-===HEE GIW-4.F0.35
= GOX310.
G0G40Z100.
Ml
NOMS53
= G40M8
G50S1300
T0605
M71Té6
Fig. 5 Simulation for cutting load
| Cutting Load[N] | 1% "anets wgskel HHshE NC TR
| de theo] UEhith & daRes wes]
Cutting Depth[mm] | Speggg;r}?nin-] 3l olFE =7 MESEUSS & F Atk
T0902
| Feed[mm/rev] | M71T9
G0G96X208.Z50.S280M4
Fig. 6 Process for feed simulation Z2.



oy
2
J()‘l
BN
i

, AHE

=7 A E 3 A,

A144, Als

G1Z-0.7 F1.

X204.5

X202.4 F0.5

X198.9

X193.
GOW-1.X199.8
G1W20.F0.4
G0U2.22.3
G1X199.8 F0.5
X195.2149 70.1397
X194.6 Z-0.15 F0.35
X193. F0.5

X148.2

X145.8 F0.4486
X144.2 F0.4

X143.4 F0.3788
X142.6 F0.3599
X141.8 F0.3428
X141. F0.3272
X140.2 F0.3129
X139.4 F0.2997
X138.6 F0.2879
X137.8 F0.2763
X137. F0.2662
X136.2 F0.2565
X135.2 F0.2453
G2X133.4Z-2R2. F0.424
G1Z-2.35 F0.35
Z-2.8 F0.5
X105.0257 Z-6.6491
X102.999 Z-6.924 F0.3548
X101.812 Z-7.085 F0.2851
G2X97.3Z-9.977R3.1 F0.2722
G1W-4.F0.35
G0X310.
G0G40Z100.

M1

NOMS53

G40M8

G50S1300

T0605

#10-1 TAL 7]F HFEFE 2000 NO.E A
Asta AlEdeldS sz!i; A, HHs) A 552
Z9] TFFAIZEe] HAS & 46822 TAEHUATH
AEH ol AFE Fig. 7(a)°ll JERNAT

#10-2 3RS 712-— R3S 2000 No.2 A
Aota AlEEHoldSs AT Ay, HHE A 734
x| 7haAIRkel 5]%45} T 604%E ZFAHAT
Al E# oA AFE Fig. 7(b)oll e AT

#20 3AHL 71 HAESHE 2000 N2 A7
st Al E#H oIS 3% Ao, HHs d 1250
z9 7tEAZre]l AAHE £ 110022 ZAHA
th. A EH ol AAZ Fig. 7(c)°l YERHITE o]

 Current Result

TangentalForce vs T B Previous Result

(a) Cycle reduction simulation for #10-1
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(b) Cycle reduction simulation for #10-2 process
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(¢) Cycle reduction simulation for #20 process

Fig. 7 Simulation for cycle optimization
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Table 1 Cycle time reduction by simulation

Process Belfore. .Aﬁer . Reduction
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#10 128.6 sec. 107.2 sec. 16.7%
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Table 2 Cycle time reduction by machining

Before After .

Process optimization optimization Reduction
#10 124.0 sec. 97.0 sec. 21.7%
#20 133.0 sec. 123.0 sec. 7.5%
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(a) #10 process
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(b) #20 process

Fig. 8 Cycle reduction detailed process
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